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1. 
RUNNING WHEEL ACTIVITY IN THE WHITE RAT AS A FUNCTION 
OF ACTIVITY RESTRICTION AND FOOD DEPRIVATION 
INTRODUCTION 
Motivational constructs of many kinds have been 
employed by behavior scientists in their attempts to account 
for the origins of observable behaviors. The need to ac-
count for the origins largely stemmed from two challenging 
situations: one, in which behavior changed although environ-
mental manipulables remained the same: and a second, in 
which behavior stayed the same even though the experimenter 
altered the environmental antecedents. In other words, the 
behavior of the subject~was not directly predictable from 
the values of the immediate environmental stimuli. 
Activity as Drive 
The activity of the white rat has received system-
atic attention in several contexts: as a response variable 
in investigations of the effects of the manipulations of 
various paysiological conditions, as an adaptation mechanism, 
as a spontaneous or random behavior and as a general drive. 
2. 
Activity, measured by mechanical or electronic de-
vices, has reflected the presence and degree of strength 
of drive states associated with food deprivation (5, 
23,28,30,t38,39), water deprivation (23,38) and temperature 
antecedents (36). In addition, the relationships between 
activity and age (6,29), light-dark cycles (9,29,31) and 
electric shock (1,27) have been studied. In general, in-
creases in the values of the antecedents have been accom-
panied by definite increases in the amount of activity1 the 
age and light-dark conditions have non-monotonic functions, 
thereby revealing a cyclical activity pattern. 
In another context, activity along with exploratory 
behavior, curiosity and manipulative behavior has been con-
sidered as an adaptation mechanism1 relevant to the reduc-
tion of tissue needs (2,13,44). The reasoning has pro-
ceeded that an active animal has a greater probability of 
encountering food, water and other drive reducing agents. 
One difficulty with this position is that the antecedents 
are implied rather than observed1 thus, the behavior of the 
organism can only be described and not explained. 
A third orientation has received articulation by 
Berlyne (2). This position emphasizes the fact that there 
are behaviors exhibited by organisms when survival needs are 
3. 
not apparent~ which do not have therefore a recognizable 
biological function. Activity is one of these behaviors. 
Skinner {34) and others {19~24) have referred to activity 
in this context as "spontaneous activity" thereby denoting 
that organisms are sometimes active independent of environ-
mental manipulations and when active they exhibit varying 
degrees of external movement. 
Recently~ activity has been used as an empirical 
referent in making inferences about the existence of moti-
vational antecedents in situations where no specific rein-
forcement is controlled. In this context~ activity is 
classified as a general drive. General drives have received 
limited attention from behavior scientists due to the marked 
lack of consistency in the designation of specific drives. 
Hall {13) points out that often the same behavior is re-
garded by two different authors as supportive evidence for 
two different drives. Moreover~ often the drive which is 
inferred appears dependent upon the behavior observed~ i.e.~ 
the behavior is used to explain the behavior. 
Definite accepted techniques exist for the testing 
of drive antecedents where specific reinforcements are mani-
pulated. When specified operations define the reinforce-
ment~ behavioral consequents are frequently observed accom-
panying the antecedents in a systematic fashion. These 
empirical relationships provide precise descriptions of 
drive behavior regardless of how these relationships are 
explained. It is necessary to supply basic descriptions 
of activity drive behavior. 
4. 
The postulation of an autonomous drive for activity 
implies an underlying need to be active and suggests the 
empirical control of the drive by use of established tech-
niques for the manipulation of drive antecedents. There 
should be significant correlation between the employed 
value of some controlled variable and the level of the 
measured activity behavior. Since deprivation of the in-
centive is a reliable control in most drive investigations, 
some form of restriction of movement suggests itself as a 
manipulable antecedent for the study of activity drive. 
The purpose of the present study was to determine whether 
restriction of movement acts as an autonomous drive for 
overt activity. 
s. 
REVIEW OF THE LITERATURE 
Antecedents, which when present are accompanied by 
overt behavior and ~when altered are accompanied by 
changes in the overt behavior of the organism, are presumed 
to occupy an energizing or driving role in the organism's 
behavior. The delineation of these antecedents and the for-
mulation of constructs which tie together these antecedent 
variables serve to provide answers to the question of why 
organisms are active (3,13,42,43,44). 
The search for the origins of behavior has largely 
been directed toward the assessment of physiological and 
homeostatic states. The studies of C. P. Richter presented 
evidence that the overt activity of the white rat and other 
mammals was controlled by food deprivation, water depriva-
tion, sexual cycles in females, endocrine secretions, cas-
tration, ovariectomies, adrenalectomies and replacement of 
hormones through injections. The Richter literature is ex-
tensive and is adequately summarized in Munn (24), Reed (25) 
and Young (44). In spite of the many physiological variables 
which related to overt activity, it was clear that these 
manipulations were not exhaustive. 
6. 
The behaviorists have continuously investigated the 
relationships between the presence or absence of goal ob-
jects and the changing of behavior. Many learning theories, 
particularly those of Hull (16) and Spence (35,36) were 
largely based on behavior associated with the control of 
food and water incentives. Hull (16) acknowledged that 
even when biological states were precisely controlled, there 
were always additional characteristics of the organism's 
behavior present and these characteristics rendered exact 
behavioral prediction difficult. Hull accounted for these 
characteristics by the postulation of "irrelevant drives," 
namely, drive which was not associated with the manipulated 
drive incentive. 
In recent years, psychologists have begun to focus 
their attention on motivational situations which do not in-
volve internal states or physiological needs. The assump-
tion is that there are other antecedents which are as basic 
to behavior as homeostatic states, which may even influence 
homeostatic balance in a manner similar to that exhibited by 
such incentives as food, water and pain. These external 
antecedents are more apparent when internal states have been 
q~d or reduced. Berlyne (2) emphasized the need to focus 
more systematic investigations on behavior which occurs when 
survival needs are not apparent. 
7. 
The extensive investigations of motivational ante-
cedents Which flowed from the Bmllian system may be consid-
·• 
ered to have explored the relationships of need states to 
various properties of the incentive agent and the incentive 
condition. The recent interpretations of Spence (35,36) 
and Brown (4) indicate that Hull's drive concept, "D, .. is 
divisible into two constructs, "D, .. a generalized drive 
state, and "K," an incentive motivation term. It is con-
sidered that most of the Bbllian research has concerned it-
self with "K." The nonspecific drive state can be consid-
ered to relate to intensity of response. In this manner, 
Spence's theory of emotionally based drive and the approaches 
of Bindra (3) and Jones (17) coincide. Each, while acknow-
ledging an underlying physiological mechanism, concerns 
himself with accounting for heightened behavioral tendencies 
in the organism which are not specifically directed toward 
an incentive and yet which combine with incentive states to 
produce behavior whose character is more related to the non-
specific state than to the incentive state. 
Several non-specific antecedents which are currently 
being investigated, called general drives, find their theoret-
ical support in the postulation of generalized drive states. 
These families of antecedents include manipulative stimuli, 
8. 
novel stimuli, sensory deprivation and behavior deprivation. 
The focus of the present investigation is on behavior depri-
vation, specifically activity restriction. In this instance, 
the manipulation of a generalized drive state relating to 
overt locomotor behavior was of primary interest in the at-
tempt to verify the existence of such a drive state. It was 
felt that all drives, whether specific incentive states or 
non-specific, are manipulable by the established techniques 
for the testing of drive or motivational antecedents. 
Spontaneous activity. 
All organisms exhibit activity which is independent 
of manipulated incentive antecedents. The plurality of Rich-
ter's studies led many psychologists to believe that spon-
taneous activity was merely an expression of undefined meta-
bolic functions of the organism. One cannot contest the fact 
that activity is related to food deprivation, water depriva-
tion, temperature, age, sex, light-dark cycles and hormonal 
functions. Recent studies by Campbell and Sheffield (5), 
Campbell et al. (6), Finger (11) and Moskowitz (23) demon-
strated that increases in food deprivation were accompanied 
by definite increases in the amount of activity. Studies 
of the relationship between water deprivation and activity, 
conducted by Moskowitz (23) and by Stevenson, et al. (37) 
9. 
also showed ~hat running activity increased as temperature 
decreased. This fact led him to postulate a purposeful 
function of running activity1 i.e., that~ maintaining a 
critical body temperature. 
Even with the evidence of the above findings, many 
psychologists feel that activity levels may be described 
without alluding to physiological antecedents. This notion 
is based on the activity which occurs when the physiological 
states are controlled. While one may not be willing to as-
sert a drive to be active, nevertheless there exists evi-
dence that imposed inactivity was accompanied by increased 
activity. 
Shirley (29) observed the running activity of albino 
rats after they had been housed in small cages for periods 
of one, two1 three, and five days. It was found that the 
rats ran more in the activity wheels following these periods 
of confinement than they did after comparable periods of liv-
ing in a regular size cage. Specifically, Shirley found 
that activity increased by about 25% as a result of one and 
two days confinement, but that increased confinement re-
sulted in decreased activity. 
Subsequent studies by Skinner (33) demonstrated 
that activity increased as restriction of activity increased. 
10. 
In the Skinner study, the activity wheel was employed and 
was fitted with a brake device which increased the friction. 
Restriction of activity was thus defined in terms of units 
of friction. Skinner noted that activity followed a cyclic 
pattern with peaks occurring at regular six-hour intervals. 
These intervals were also related to food consumption, how-
ever. 
Subsequent studies by Siegal (30) and Siegal and 
Alexander (31) revealed that activity decreased as confine-
ment increased. Their studies ehowed that six hours of con-
finement resulted in a significant decrease in activity. 
They also demonstrated that the time of day in which the 
rats were confined exerted an important influence upon the 
activity. According to their findings, restriction during 
a period of normal high activity led to a suppression of 
activity. This was contradictory to previous data collected 
by Skinner (33), who found that restriction of activity was 
always followed by periods of density of activity, i.e., 
activity above the normal level of response within a constant 
time period. 
Adding to the inconsistency of the results was a 
study by Hill (14). His animals were housed in tiny cages 
for periods of zero, five, twenty-four and forty-six and 
11. 
one-half hours. Hill's data showed significantly increased 
amounts of running as the hours of restriction increased. 
His results were weakened by the fact that differences be-
tween adjacent points were significant in only one instant, 
between 5 and 24 hours. This result was true for 1 of the 2 
groups of animals studied. The study, however, did arouse 
interest in activity as an autonomous drive state and sug-
gest that certain operations, which will be described later, 
could provide a clarity and extension of the Hill findings. 
Support for the Hill postulation of an autonomous 
activity drive was supplied by a study conducted by Kagan 
and Berkun (18). In their study, opportunity to run in the 
activity wheel was used as a reinforcement for the bar press 
response. The animals performed at higher levels on the bar 
press when pressing was followed by running in the Wheel 
than when pressing was not accompanied by wheel running. 
This suggested that running activity possessed reinforcing 
properties and would be consistent with a drive state for 
activity. 
One of the difficulties in comprehending the status 
of an activity drive is the lack of a standardized testing 
procedure. Reed (25) and Munn (24) cite many different 
measuring devices which have been employed in activity stud-
ies. 
12. 
Activity Measures• 
The many attempts to quantify activity have yielded 
nine general types of apparatus which include: the Skinner 
box, the running wheel, the tambour mounted cage, the stabil-
imeter, the tilting box, the photronic relay, the open-field 
maze, the Columbia obstruction box, and the treadmill. In 
addition, the turntable device has been employed with limited 
success. The three types used most frequently in studies 
relevant to the present problem are the running wheel, 
photronic relay, and stabilimeter. 
Running Wheel 
The running wheel has received the widest use in 
studies of activity which do not embrace a learning factor. 
Skinner (33) stated that the running wheel supplied a prac-
tical solution to the measurement of activity since it al-
lowed quantitative measurement and selected one form of 
activity while it suppressed others to a high degree. Fur-
ther, it duplicates as near as possible the conditions of 
running on a level surface. One problem of the level sur-
face type apparatus has been the inability to suppress forms 
of activity other than running. Several characteristics of 
the wheel, which Skinner {33) elucidated, have since been 
standardized. In earlier studies, Shirley (29) used a drum 
of a lo-inch diameter, While others, e.g., Stewart, Park, 
and Woods used wheels of 20-inch and 26-inch diametersJ 
respectively. (Referred to by Reed (25)). 
13. 
Most current authors (9,12,14,15,18,23,38) have em-
ployed the standard model made by the G. H. Wahmann Company 
of Baltimore, Maryland. This apparatus has a diameter of 14 
inches, (circumference of 44 inches) and a width of 4 1/2 
inches. 
Other Types: 
1. Photronic relaY 
The photronic relay has been used extensively by 
Siegal and steinberg (30) and at Boston university by 
sanders (27). It consists of a rectangular-shaped rack into 
which a conventional home cage (9 x 9 x 15) may be fitted. 
A beam of light bisects the long dimension. Excursions 
which break the beam are recorded on impulse counters or 
cumulative recorders. Studies using this device have been 
primarily interested in restless, home-cage activity. 
2. The Stabilimeter 
The stabilimeter has been used by Sheffield and 
Campbell (28) and by Campbell and Teghtsoonian (6) among 
others. It consists of either a circular or triangular cage 
mounted on tarnboursJ springs, or microswitches which are 
14. 
activated whenever a movement is made and transmit a signal 
to a recording device. Variations of the stabilimeter have 
been described as the tambour-mounted cage or the tilting 
box. This device is very sensitive: almost any small museu-
lar exertion on the part of the organism is capable of acti-
vating the recording mechanism. Since such movements as 
face watching and grooming can record1 the results from stud-
ies using this apparatus have not allowed comparison with 
results obtained by using other apparatus~ e.g. 1 the activity 
wheel. 
The literature further reveals that there are var-
iations of the major activity measuring devices. The indi-
cation is that there are different activity response vari-
ables 1 each specific to the measuring device. This indica-
tion stems from the fact that correlations between results 
obtained on the various devices have been low. A recent 
study by Hill (15) provided an exception in that he found 
similar activity records following restriction were obtained 
from the activity wheel 1 the stabilimeter and the Y maze. 
~ 
A previous study by Strong (39) failed to provide high corre-
lation between activity as measured by different apparatus. 
Strong asserts that several activities exist 1 each 
one diffusely related to the others. One could state in 
15. 
opposition to Strong that the field has simply not as yet 
systematically explored the correlations of activity as 
measured by various apparatus, in fact, has failed to sys-
tematically exhaust the relationships obtainable with one 
piece of apparatus. It does seem clear, however, that gross, 
locomotor movement is measured by the activity wheel and is 
different from the fine, non-locomotor behavior which is 
assessed by the various stationary devices, e.g., the 
stabilimeter. 
The effects of restriction should be most clearly 
apparent in a task that involves gross movement: the activ-
ity wheel satisfies this requirement. The present study 
follows the direction of the Hill studies in adopting the 
activity wheel as the apparatus. It is felt that clarifi-
cation of a drive state can be accomplished more directly 
through the employment of the same measuring techniques. 
If one assumes that a drive for locomotor activity 
exists, then the performance of a locomotor task should pro-
vide reinforcement; the performance should undergo a change 
in character with responses over time; thus exhibiting the 
drive reduction feature. The task should be less reinforcing 
to an organism ~has not been restricted, i.e., an organism 
who possesses a low drive level. 
16. 
If one further assumes that this drive for locomotor 
activity is non-specific in character, i.e., is consistent 
with the Spence theory of generalized drive, "D," then one 
can also assert that various levels of "D" will combine with 
an incentive drive and result in response levels which exceed 
those obtained with the presence of an incentive drive alone. 
Methodological considerations. 
The delineation of an autonomous activity drive 
requires strict control of situations possessing more appar-
ent reinforcements, i.e., incentive states and stimuli. In 
this context, the Hill studies and others point out the im-
portance of controls over feeding situations, normal cycles 
of activity, adaptation of the organism to the running situa-
tions and consideration of some assessment of the organism •,s 
initial level of performance. 
The control of feeding responses provides one of the 
most difficult problems in isolating activity associated with 
activity restriction from activity associated with food con-
sumption patterns. Hill (14,15) allowed his subjects ad lib-
itum feeding in both his large cage conditions and the restict-
ed cage conditions. This procedure does not insure regular-
ity of food consumption. Skinner's 1933 study pointed out 
that consummatory behavior followed a 6-hour cycle and that 
17. 
this cycle was related to an activity cycle, i.e., activity 
s.howed increases which reached a peak in about 6 hours and 
this peak corresponded to the time which had elapsed since 
the last feeding. Thus, it may be argued that various food 
associated drive states were not equivalent in Hill 1 s sub-
jects and that this feature obscured his results. 
Running in the activity wheel~·atype of instrumental 
behavior and thus is subject to reinforcement by food in-
centives. Several investigators, e.g., Reid and Finger {26), 
Amsel and Work {1), Hall, et al. {12), show that signifi-
cantly higher amounts of running occur when feeding re-
sponses are allowed either during the hour which immediately 
precedes running, or during the hour which follows running. 
If one removed food during the hour before running, then one 
would be faced with the problem of substantiating that a 
hunger state was not present in his animals. 
The most frequently used techniques in the control 
of feeding have been those involving manipulation of hours 
since last feeding, commonly termed hours of deprivation. 
In the light of Skinner•s study and others by Keller and 
Schoenfield {19), the manipulation of hours since feeding 
leaves many variables uncontrolled. A pilot study conducted 
by this author found that hours of hunger techniques pre-
18. 
vented weight stabilization. It is indicated by several 
studies, particularly several by Moskowitz (23), that weight 
stabilization is a more direct antecedent of activity level 
and certainly is a more easily controlled variable. The 
most accurate procedure for controlling the weight and 
feeding variables is one in which the organism is presented 
an amount of food Which is empirically demonstrated to main-
tain his weight at some fixed percentage level of his nor-
mal weight. 
Moskowitz's studies (23) exhaustively treated activ-
ity wheel running as a function of several procedures for 
manipulating hunger. Each of these procedures consisted of 
controlling the amount presented instead of the length of 
the starvation period. In one experiment, three feeding 
procedures were compared~ one, in which the animals were fed 
a fixed amount of food daily~ a second, in which animals 
were allowed to eat for a 1-hour period daily: and a third, 
in which animals were fed an adjusted amount which main-
tained them at a fixed percentage of body weight. His find-
ings were that the animals maintained at a fixed percentage 
exhibited earlier stability in both weights and activity. 
A second study of Moskowitz consisted of the com-
parisons of weight and activity level among 4 feeding 
19. 
procedures. These procedures were: free feeding, 100% ad 
libitum weight, 80% initial ad libitum weight and 8~fo body 
weight. Control of weights was readily obtained for all 
groups, however the 80% ad libitum an~als displayed signi-
ficantly more running. His third exper~ent was concerned 
with a controlled decrease in body weight from lO~fo to 
about 60% over a 41-day period. In this instance, activity 
continued to increase as weight decreased. His conclusions 
from the three studies were: 1. activity is a direct func-
tion of relative body weight deficit, 2. a significant 
amount of weight deficit must occur before differences in 
the amount of activity exhibited become significant, 3. the 
critical level of body weight deficit Which is related to 
significant increases in activity lies between 80 and 85% 
normal body weight. 
The major contribution of the Moskowitz studies to 
the current investigation is that of delineating weight con-
trol measures which could provide a cleaner assessment of 
the manipulation of activity by activity restriction. 
The adaptation of the organism to the apparatus is 
another issue which the present author feels was not ade-
quately accomplished in the Hill studies. One- group of 
Hill's an~als was given 8 days of pre-training, while the 
20. 
second group received no prior exposure to the wheel. The 
animals who received the 8 days of adaptation exhibited 
significant differences among the successive testings but 
no differences among the orders of presentation. However, 
the non-adapted group exhibited a significant difference 
between the testing orders and no differences among the 
successive testings. This finding indicated that assess-
ment of activity behavior in this context required a 
stable response level. Sanders (27), in his study of activ-
ity related to electric shock, found that an extensive 
habituation regimen allowed for a more stable relationship 
between the independent variable and the activity of the 
organism. 
The third methodological consideration is that of 
the control of the light-dark cycle. The albino rat is 
by nature a nocturnal organism. Many studies in psychology 
control for this variable by housing the animals continu-
ously under artificial illumination. Hill also employed 
this feature in his study. DeCoursey (9) has demonstrated 
that light-dark cycles may be altered and reversed and 
that the organism's behavior adjusts to the new cycle. 
However, Shirley (29) and Siegel (30) found that restric-
tion of animals during various periods of the day produced 
21. 
different running levels than did restriction during other 
parts of the day. It was noted that restriction during the 
normal daylight periods of the day simply corresponds with 
the animal's normal phase of inactivity and thus may not be 
an adequate test of the powercf the restriction. 
Restriction of movement has been accomplished through 
different procedures. Most studies of enforced inactivity 
have employed a tiny cage in which the organism may not 
stand or stretch. Another procedure was used by Stevenson 
et al. (38), a harness which suspended the animal from the 
top of a cage and eliminated kinesthetic cues. It does seem 
that these procedures yield a different quality of restric-
tion even though there haven't been any reported comparisons. 
The small cage suppresses activity by manipulating the physics 
of the area. The harness seems to introduce another factor 
via a more active restraint, i.e., struggling attempts, 
which may be of a different characteristic than the movement 
generated by small cage restriction. 
22. 
Prel~inary studies 
Two preliminary studies conducted by this author 
during recent months examined the running wheel behavior 
which occurred when restriction of movement and food de-
privation were controlled simultaneously. The first study 
compared running activity after 22 hours restriction with 
running activity following no restriction. The median 
scores for 10 animals showed higher amounts of running fol-
lowing restriction than following 0 restriction. These 
scores were collected over 16 days. Along with thisJ the 
animals were alternated between ad libitum feeding and 22 
hours food deprivation. It was found that running follow-
ing restriction was greater than running following no re-
strictionJ regardless of the feeding conditions. The level 
of running following food deprivation was greater than that 
following ad libitum feeding. The housing conditions repli-
cated those employed by Hill. 
The second preliminary study was intended to explore 
more thoroughly the effects of varying feeding schedules on 
the same animal with restriction. Observations were made 
on 24 rats over 10 days of habituation and 20 days of exper-
imental procedures. The results indicated that the animals 
were unable to adapt to the daily alternation of food 
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deprivation procedures. This inability to adapt obscured 
the effects of restricted housing. In this study, there 
was one deviation in the housing conditions. Instead of 
housing 4 and 5 animals together in the open cage condition 
(0 activity restriction) as Hill and this author had pre-
viously done, animals were housed singly in all cage condi-
tions. There was a question concerning the obscuring of 
restriction effects as a result of feeding regimen alterna-
tion or as a result of the mode of housing in the large cage 
condition. A more recent study by Hill (15) amplified this 
concern. He also housed animals alone in a large cage for 
his 0 restriction condition and found that this control was 
not as satisfactory as the previous ones which he used, 
i.e., multiple animals in the large cage. 
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STATEMENT OF THE PROBLEM 
It is evident in the above review of the literature 
that there have been very few attempts to explore the family 
of drive relationships•produced by restriction of movement. 
The most meaningful study was conducted by w. Hill (14). 
This study discovered relationships between restriction and 
activity but these relationships could be questioned from the 
standpoint of confounding drives. It is known that animals 
display consummatory cycles of about 4 to 6 hours duration 
(33), and further, that stressors tend to suppress eating. 
It was not clear from the Hill study that the increased run-
ning following restriction was independent of these other 
drive relationships. 
The current study was conducted to determine whether 
restriction of movement acts as a drive for activity. The 
delineation of an autonomous activity drive requires strict 
control of situations which possess more apparent reinforce-
ments. The procedures employed in this study should allow an 
assessment of the effects of activity restriction and at the 
same time account for the contribution of more traditional 
primary drive variables in the activity which the organism 
displays following restriction. Thus the study should provide 
proof of the existence of an autonomous drive and a test of 
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the efficacy of procedures and designs in this area. 
A second purpose of this experiment was that of 
obtaining a comparison of the energizing role of restriction 
with that of a more traditional arousal variable, food de-
privation. This appears to be a necessary step in the de-
scription of activity drive because one would certainly 
question the apparent strength of a drive once the existence 
of a drive had been substantiated. 
A third purpose of the experiment was to assess the 
outcome of a combination of confinement conditions and food 
deprivation conditions. It has been observed by Arnsel and 
Work (1) that a combination of confinement with an aversive 
stimulus, shock, resulted in a suppression of activity. 
Thus, it seems worthwhile to ascertain the effect of an 
appetitive drive state in combination with confinement. 
It is an accepted fact that organisms differ in 
basic behavior levels depending upon emotionality, tempera-
ment, etc. Often this fact is overlooked in the usual design 
of studies of learning and motivation. In the context of 
activity drive, there is some evidence reported by 
s h'irl:e y (29) indicating that animals who show higher in-
itial levels of running activity respond differently to re-
striction than do those who have low initial running levels. 
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One study by ~ey found that the high runners showed in-
creased running activity after restriction but that low 
runners showed slight depression of running following re-
striction. An investigation of this feature became an 
additional purpose of the present study. In this context, 
the relationship between initial running levels and restric-
tion would be tested along with a relationship between ini-
tial running level and restriction accompanied by food de-
privation. 
Along with the theoretical considerations of 
activity drive and other drive states, the present study 
offers a contribution to the body of general procedures 
for the laboratory treatment of experimental animals, parti-
cularly in respect to housing conditions. Any evidence 
attesting to the systematic influence of confinement suggests 
a meaningful control to be employed in any investigation con-
cerned with arousal behavior of any kind. 
In summary the sets of relationships to be examined 
are: (1) the relationship between activity restriction and 
running activity: (2) the relationship between food depriva-
tion and running activity: (3) the relationship between 
activity restriction associated with food deprivation and 
running activity: and (4) the interrelationships of the 
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drive variables and individual differences in running behav-
ior and running activity. 
28. 
Procedure 
Subjects 
Twenty-four male, albino rats were employed. 
These rats were from the Sprague-Dawley strain; furnished 
by the Charles River Breeding Laboratories of Brookline, 
Massachusetts. These rats were each 70 days old at the 
beginning of the habituation period, and their average 
weight at the start of habituation, following one day of 
ad libitum feeding, was 278 grams. The average weight after 
two additional days of ad libitum feeding, allowed on days 6 
and 7 of habituation, was 308 grams. 
Apparatus 
1. Activity measure. Thirteen standard rodent activ-
ity wheels, manufactured by the G. H. Wahmann Company of 
Baltimore, Maryland. The model has a 14" diameter, 44" 
circumference and is 4 1/2" wide. The wheels are mounted on 
a stainless steel panel; 16-gauge galvanized. The wheels are 
constructed of wire mesh floors: 4 mesh, 16-gauge, galvan-
ized and lock-seamed in sides of aluminum. A side Veeder 
counter, 5 digits and mechanically operated, is attached to 
the panel; the counter registers only complete revolutions 
of the wheel. All wheels were calibrated according to proced-
ures recommended by Lacey {13); the torque values for the 
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wheels ranged between .0032 and .0044 poundals computed by 
the ratio of height times weight to N of revolutions to 
rest times 2 Pi. Each animal used the same wheel through-
out habituation and continued to use the same wheel through-
out the experiment in order to insure reliability of the 
animals' measures. 
2. Housing. During the initial twenty days of habi-
tuation, all animals were housed individually in suspended 
stainless steel cages: 7" by 10" by 7". These cages have 
a wire cloth front and floor: 2 mesh, 16-gauge, galvanized 
and lock-seamed into the 24-gauge galvanized steel back and 
sides. 
During the second phase of habituation, and through-
out the experimental period, all animals were housed in re-
striction cages and large cage~ depending upon the assign-
ment of conditions for any given day. The restriction cages 
were arranged in three banks of four cages each. The frame 
of the bank is made of wood, the cages are made of wire cloth 
in all dimensions: 2 mesh, 18-gauge, galvanized. The cage 
dimensions are: 4 1/2" by 6" by 5 1/2". The large cages are 
also constructed in three banks of four cages each. The 
frame is made of wood and the cages of wire mesh in all dimen-
sions: 3 mesh, 20-gauge, galvanized. The cages are 18" 
by 18" by 12". 
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External environment 
All housing was maintained in one room located in 
the Experimental Psychology Laboratories of Boston Univer-
sity. The room stands 5 1/2' by 19' by 12'. It was illum-
inated by two 200-watt iridescent lamps: light-dark cycles 
were controlled by turning off the lights at 7 - 8 p.m., 
and turning on the lights at 6 - 7 a.m. Room temperature 
ranged between 75 and 78 degrees Fahrenheit. 
The experimental chamber, where activity was recorded, 
was located along a corridor 40' from the housing room. The 
room stands 7' by 14' by 12', and contained three tables, 8" 
by 32" by 30", upon which were placed the thirteen activity 
wheels. The activity wheels were separated by four to six 
inches. The room was illuminated by a single 40-watt fluores-
cent lamp: room temperature ranged between 76 and 78 degrees 
Fahrenheit. 
Operations and Design 
Habituation. on the initial three days, all animals 
were given food ad libitum, with water always available. 
During these three days the animals were weighed once a day 
and records kept of the amount of food consumed. Food con-
sisted of the standard pellet form of Purina Laboratory Chow. 
On the fourth day, animals were introduced to a feeding 
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schedule which was retrained for the duration of the exper-
iment. Food was placed in the cage at 7 - 8 p.m. Food was 
therefore associated with dark conditions. An amount of food 
sufficient to maintain the animal at 10~~ of his ad libitum 
weight, his weight on day three of the initial three days, 
was given at this time. 
The 100% ad libitum feeding schedule continued for 
the next six days. On days 7 and 8, (from the first day of 
feeding schedule), the animals were fed ad libitum amounts 
at their regular feeding time, in order to allow their weights 
to approach normal levels. On the ninth day, the 10~~ ad 
libitum schedule was resumed: the reference weight now was 
the weight on the eighth day (from the beginning of feeding 
schedule). The 10~~ regimen was continued for the next thir-
teen days, at which time the animals were assigned to groups. 
Simultaneously with the initiation of the 10~~ feed-
ing regimen, all animals were first exposed to the activity 
wheels. The original 25 animals were run in two shifts: 
twelve during the first shift and thirteen during the second. 
Running sessions during the first eight days lasted thirty 
minutes. During the initial three days, the doors to the 
adjacent side cages were left open, allowing the rat free 
egress and re-entrance. Starting on the fourth day of 
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wheel-training, the door was closed as soon as the animal 
moved into the wheel. A few rats required daily guidance 
into the wheel. These animals showed persistent hesitation 
and also cheating; cheating meaning simply extending the fore-
paws into the wheel and turning it without completely enter-
ing the wheel. 
The running sessions were increased to one-hour 
duration on day 9 of wheel-training. The running measures 
on days 9 to 16 were used as an index of each animal's run-
ning level, and were used to assign matched groups. Running 
on days 17 to 25 allowed additional adaptation. 
The groups were assigned on day 20; days 21 to 25 
supplied evidence of the stabilizing of response levels to 
the new food deprivations conditions, (see below). The ex-
perimental phase did not begin until stable response levels 
were obtained. 
On the basis of each animal's running records for 
the day 9 to 16 span, the rats were divided into two classi-
fications of individual differences: high and low. The 
distribution of running scores allowed a clear assignment 
into two groups of equal size: n = 12. Cross groups con-
taining six highs and six lows each (n = 12) were matched 
and assigned to the food deprivation conditions. Group 1 was 
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given enough food to maintain the animals at close to 
normal weights. This amount equalled the amounts consumed 
under ad libitum feeding, i.e., 30- 35 grams a day. 
Running activity was observed daily for each ani-
mal in a one-hour session over twenty days. This running 
activity followed these housing conditions: 
1. Large cage, one animal per cage over 23 hours. 
2. Large cage, multiple animals per cage over 23 hours. 
3. Restriction cage over 12 hours. 
4. Restriction cage over 23 hours. 
The scheduling of the housing variable was done by 
randomly assigning each animal within each food group. Scores 
were obtained for five events with each housing condition for 
all animals. Thus, twenty scores for all animals were col-
lected; all animals had an equal n of trials with each hous-
ing condition,but the order of these trials varied. 
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RESULTS 
The responses measured were the number of revo-
lutions of the activity wheel made in an hour period. The 
design of the study allowed a statistical analysis of all 
conditions according to procedures described by Lindquist 
(21) and Edwards (10). The design was a mixed model of a 
type designated by Lindquist as 11Mixed Model," Type III. 
One factor, hours of restriction, was manipulated over all 
subjects, each subject undergoing all restriction condi-
tions. A second factor, food regulation, was composed of 
two levels, the levels were assigned to independent matched 
groups. The population during the matching procedure was 
further subdivided into matched subgroups on the basis of 
the preliminary running level and this feature was treated 
as a third dimension. Each food group consisted of inde-
pendent subgroups of high and low runners. Thus the design 
contains one correlated dimension, two independent dimen-
sions, one independent first-order interaction and two mixed 
first-order interactions. 
The variances were high and cell distributions 
skewed to the right. The scores were transformed in order 
to obtain a more normal distribution and to provide more man-
ageable scores. The transformation which was used was a 
TABLE I 
ACTIVITY AS A FUNCTION OF FOOD DEPRIVATION 
AND RESTRICTION OF MOVEMENT 
0 hours 12 hours 23 hours 
Group 
Lge.Isol. Lge.Group 
-100% Food x 86 91 106 107 
x log 1. 55 1.58 1. 69 1. 75 
X + 1 
50% Food x 244 252 300 302 
x log 2.10 1.99 2.27 2.26 
X + 1 
Total x 165 172 203 204 
x log 1.82 1. 78 1.98 2.00 
X + 1 
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Total 
98 
1. 64 
274 
2.15 
186 
1.90 
TABLE II A 
ANALYSIS OF VARIANCE OF THE MEANS OF ALL CONDITIONS 
Source 
Food Dep. 
Running 
Levels 
F.D. X 
R.L. 
error bet. 
Restriction 
R. X F.D. 
R. X R.L. 
R. X F.D. 
X R.L. 
error w. 
Total 
Sum of 
Squares 
755,972 
1, 091,627 
180,527 
2,856,479 
31,207 
7,232 
5,358 
1,953 
121,315 
5,051,670 
df 
1 
1 
1 
20 
3 
3 
3 
3 
60 
95 
Mean 
Square 
755,972 
1,091,627 
180,527 
142,824 
10,402 
2,411 
1,786 
651 
2,022 
F 
5. 29 
7.64 
1. 26 
5.14 
1.19 
34b 
p 
• OS 
. 025 
. 005 
34c 
TABLE II B 
ANALYSIS OF VARIANCE OF THE MEAN LOG. VALUES OF ALL CONDITIONS 
Source 
Between 
Food 
Running Level 
F. X R.L. 
error b 
Within 
Restriction 
R. X I 
R. X R.L. 
F X R X R.L. 
error w. 
Total 
Sum of 
Squares 
6.38 
10.59 
. 00 
11.34 
.93 
.11 
• 09 
• 04 
L02 
30.50 
df 
1 
1 
1 
20 
3 
3 
3 
3 
60 
95 
Mean 
Square 
6.38 
10.59 
. 00 
.57 
. 31 
. 04 
. 03 
. 013 
. 017 
F p 
11.19 . 005 
18.58 . 005 
18.23 . 005 
2.17 N. S. 
1. 76 N. S. 
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logarithmic trnasformation of the form, log X + 1. Each 
original raw score was transformed and analyses were per-
formed using the means of the logarithmic scores as the en-
tries. The raw scores also were analyzed on the basis of a 
mean score as the cell entry. In certain instances the more 
normal distribution of variance~Which resulted from the 
logarithmic transform, provided a more dramatic picture of 
the outcome of the experiment. 
The data were grouped and analyzed according to 
the overall design and according to the various main inter-
ests and secondary interests. The initial focal point is 
that of assessing the effect of food deprivation procedures. 
This set of relationships would logically be examined first 
because of the importance of determining the reliability of 
the food deprivation procedures, i.e., that the results in 
the current study are consistent with the traditional find-
ings in the field. 
Food Conditions 
Table I contains a summary of the means of the 
food groups averaged over all conditions and on the various 
restriction conditions. A summary of the F ratios of the 
differences obtained among all experimental conditions is 
provided in Table IIA and IIB. A summary of the t ratios 
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TABLE III 
SUMMARY OF "t" TESTS OF THE DIFFERENCES BETWEEN THE MEANS 
OF THE FOOD GROUPS UNDER THE VARIOUS CAGE CONDITIONS 
(All tests were performed on scores transformed 
to logarithmic scale7 transformation of 
the form: log x + 1) 
Diff. bet. 
Comparison Means t 
Large Isolated cage: 
50% food and 100% food .55 2. 50 
Large Group cage: 
50% food and lOOOft, food .40 1.73 
Restricted 12 hrs: 
50% food and 100% food .58 3.22 
Restricted 23 hrs. 
50% food and 100% food .51 2.68 
P values are for one-tail tests 
p 
. 025 
. 05 
. 005 
. 01 
Figure 1. 
Running Activity as a Function of Food Deprivation. 
(Curves represent division into 
. 
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Figure 2. 
Running Activity as a Function of Food Deprivation 
and Hours of Activity Restriction 
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Figure 3. 
Running Activity as a Function of Food Deprivation, 
Hours of Activity, Restriction, and 
Initial Running Level 
400 
50% HIGH RUNNERS 
~ 
300 
0: ! ::1: 
' 
200 
> 
"" 0: \ 50% LOW RUNNERS z ~HIGH RUNNERS.· ~ c 
"" 100 ~· :E 
' 
100% LOW RUNNERS 
~
HABITUATION O"HRS. 12 HRS. 23 HRS. 
HOURS OF RESTRICTION 
35d 
36. 
of the differences between the food groups under each con-
finement condition is provided in Table III. Figure 1 dis-
plays the differences between food conditions and Figures 2 
and 3 present the relationships food and restriction. 
A large difference was obtained between the means 
of the two foo~ groups. The mean of the 10~~ food group 
averaged over all conditions was 98 rev./hr.# whereas the 
mean of the 5~~ food group averaged over all conditions was 
274 rev./hr. The mean of the logarithmic scale values were 
1.64 and 2.15 respectively. The F ratio of the difference 
between the two food groups was significant beyond the .01 
level. The differences between the food conditions was 
maintained over all restriction conditions. This is illus-
trated in Figures 2 and 3. The analyses of the differences 
between the food groups under the various restriction condi-
tions yielded t ratios, all of which were significant beyond 
the . 05 level. 
Hours of Restriction (confinement) 
These results are summarized in Table I and Figures 
2 and 3. Under the various restriction conditions, aver-
aged over all animals, the following means were obtained: 165 
rev./hr. for 0 hours (solitary cage), 172 rev./hr. for 0 
hours (group cage), 203 rev.jhr. for 12 hours restriction 
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and 204 rev./hr. for 23 hours restriction. The mean log-
arithmic scores were: 1.82 for 0 hours (solitary), 1.78 
for 0 (group), 1.98 for 12 hours and 2.00 for 23 hours re-
striction. The F ratio of the differences among these con-
ditions is significant beyond the .005 level. A summary of 
the F ratios is provided in Table IIA and in Table IIB. 
Analysis of the adjacent points, tested by t for 
matched groups, reveals that the difference between 0 hours 
restriction and 12 hours restriction is significant beyond 
.025. This difference was obtained regardless of which 0 
hour restriction condition was used, i.e., the solitary or 
group cage. The difference between 12 and 23 hours restric-
tion was not significant. However, the difference between 0 
and 23 hours restriction was significant beyond .01. The 
fact that the two modes of 0 hours restriction did not differ 
allowed use of the average 0 score;for the 0 hour point in 
the various figures. 
Food and Restriction 
An examination of the records of restriction as a 
function of food deprivation reveals that the two groups were 
generally similar in response. Again Table I should be con-
sulted. The means for the 100% food group were: 87 rev./hr. 
for 0 hours (solitary), 91 rev./hr. for 0 hours (group), 106 
rev./hr. for 12 hours restriction and 107 rev./hr. for 23 
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TABLE IV 
SUMMARY OF 11 t 11 TESTS OF THE DIFFERENCES BETWEEN MEANS 
OF RUNNING RESPONSES AS A FUNCTION OF 
CONFINEMENT AND FOOD DEPRIVATION 
(All tests were performed on scores transformed to logarithmic 
scale: transformation of the form: log x + 1) 
Mean 
Comparison Diff. t p 
100% Food Group: 
L.Isol. and L.Group . 03 .54 N.S . 
L.Isol. and R 12 hrs. . 14 2.50 . 025 
L. Isol. and R 23 hrs. .20 4.44 . 005 
L.Group and R 12 hrs. .11 2.61 . 025 
L.Group and R 23 hrs. .17 3. 09 . 01 
R 12 hrs. and R 23 hrs. . 06 2.14 . OS 
SO% Food Group: 
L. Isol. and L.Group .12 1. 71 N.S. 
L. Isol. and R 12 hrs. .17 7. 39 • 005 
L. Isol. and R 23 hrs. .16 3.72 • 005 
L.Group and R 12 hrs. . 29 4.67 • 005 
L.Group and R 23 hrs. .28 3. 7 3 . 005 
R 12 hrs. and R 23 hrs. • 01 . 22 N. S. 
P values are for one-tail tests 
38. 
hours restriction. The means of the transformed scores 
were: 1.55, 1.58, 1.69, and 1.75 respectively. The means 
for the 50% food group were: 244 revyhr. for 0 hours (sol-
itary), 252 rev./hr. for 0 hours (group), 300 for 12 hours 
and 302 for 23 hours. The averages of the transformed 
scores were: 2.10., 1.99, 2.27, and 2.26 respectively. 
Summaries of the t ratios of the differences be-
tween the groups under the various restriction conditions 
are presented in Tables III and IV. The differences between 
the food groups were tested by t for independent groups. It 
is obserVed that the differences between the two food groups 
under all restriction conditions were significant at .OS. 
However, it is observed that within the food conditions, 
differences in regard to the effect of restriction were 
apparent. These differences were tested by t for matched 
groups. The difference between 0 hours and 12 hours restric-
tion is significant beyond .005 for each food group. How-
ever, the difference between 12 hours and 23 hours restric-
tion is significant beyond .05 for the 100% food group, 
whereass this difference is not significant for the 50% 
food group. 
High vs. Low RUnners 
In the procedure section, it was stated that ani-
mals were matched according to the running level exhibited 
TABLE V 
ACTIVITY AS A FUNCTION OF INITIAL RUNNING LEVEL 
AND RESTRICTION OF MOVEMENT 
38a 
(The entries are the mean scores under the various conditions.) 
0 hrs. Restriction 12 hrs. 23 hrs. Total 
Solitary Group 
High runners 260 276 318 314 292 
Low runners 69 67 87 95 80 
Total 165 172 203 204 186 
Group 
100% Food 
High Runners 
Mean 
Median 
1000~ Food 
Low Runners 
Mean 
Median 
500~ Food 
High Runners 
Mean 
Median 
500~ Food 
Low Runners 
Mean 
Median 
TAB~~ VI 
MEANS AND MEDIANS OF THE SUBGROUPS UNDER 
THE FOUR HOUSING CONDITIONS 
0 hrs Large Large Rest. Rest. 
Solitary Group 12 hrs. 23 hrs. 
145 149 173 174 
79 69 95 112 
27 33 39 39 
29 26 42 40 
376 404 464 453 
310 301 359 351 
111 101 135 151 
104 106 139 137 
Total Mean 165 172 203 204 
38b 
Total 
160 
34 
424 
124 
186 
38c 
Figure 4. 
Running Activity as a Function of Initial Running Level 
(Curves represent the shift in running level 
which occurred following the habituation period.) 
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during the preliminary phase of the study. Accordingly, 
each food group contained a subgroup of high runners and a 
subgroup of low runners. These subgroups were compared in 
order to assess differential effects of the food and re-
striction conditions among animals of like behavioral con-
stitution. Tables V and VI present a summary of the aver-
ages according to these classifications. Once again, a 
referral to Tables IIA and IIB reveals that the difference 
between the high and low classification averaged over all 
conditions was significant beyond .01. 
The highs of the food groups were compared on 
each restriction condition and also the lows. The individ-
ual trial scores were taken into account in order to assess 
any systematic influence of trials on the food times re-
striction conditions within the high and low classifications. 
Tables VII-XIV summarize the F ratios of these differences. 
It is observed that the differences between the high runners 
under 100% food and the high runners under 50% food were 
all significant beyond the .05 level. The differences be-
tween the low runners under 100% food and the low runners 
under 50% food were all significant beyond .05. 
Figure 4 illustrates the relative running levels of 
the high and low runners under base-line conditions. It is 
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readily seen that the high runners ran considerably more 
than the low runners during the habituation period and 
during the 0 hour activity restriction conditions. It is 
readily observed that no systematic effect was present 
related to trials. In addition the F ratios~ as summarized 
in Tables VII-XIV~ reveal no significant interactions with 
trials. Figures 1~ 2~ and 3~ presented in the Appendix 
display the cumulative amounts of running during the var-
ious restriction conditions. 
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DISCUSSION 
An activity drive has been hypothesized in several 
behavior theories. However, previous studies have not 
fully substantiated its existence. There has been a pau-
city of studies dealing with the relationships produced by 
the restriction of movement. The few studies explicitly 
concerned with these relationships have been largely contra-
dictory because of the lack of standard apparatus, lack of 
standard terminology and the use of procedures which did not 
provide sufficient controls for the effects of other drive 
states and other variables. 
It was decided to handle the latter issue by ex-
plicitly controlling a drive which has received considerable 
systematic attention, hunger. It was reasoned that this 
procedure provided a better evaluation of activity drive than 
did the previously reported procedures of Hill, Siegel, Strong, 
and others. 
Along with the possibility of better measurement of 
restriction~·activity relationships, it was felt that the 
employment of a food control would allow a comparison to be 
made between activity drive and hunger, which is a very po-
tent arouser. In an extension of this questioning, the 
present study was also intended to provide some indication 
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of the outcome of combinations of hunger and restriction on 
the animal's activity level. Previous studies which com-
bined various stressors with consummatory behavior found 
that consummatory behavior decreased as stress increased. 
Restriction may be considered as a stressor, although of 
a different quality than electric shock, and it seemed impor-
tant to determine the effect of it upon food-associated be-
havior. The other side of the issue presented itself as a 
problem of interest, i.e., would restriction when coupled 
with an appetitive drive produce outcomes different from 
restriction coupled with an aversive drive. 
It was also felt that individual differences have 
been ignored in many drive studies, in most cases lip se~­
vice to the notion of individual differences has been light-
ly paid. Certain earlier studies ~ndicated that these diff-
erences in the basic makeup of the organism may influence 
the direction of the outcome of restriction studies, thus 
it was decided to systematically control for this feature. 
This control assumed even greater importance in regard to 
the drive combinations which were employed in the study. 
Activity drive 
The present results provide strong evidence for the 
existence of an autonomous drive for activity as produced 
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through restriction of movement. The findings generally 
agree with the findings of Hill (13,14) who found that as 
the number of hours of restriction increased, running activ-
ity increased. The results of the present study definitely 
show that restriction produces incre~se& in running behav-
ior. Hill's study indicated a significant increase be-
tween 5 hours restriction and 24 hours restriction. This 
study tested an intermediate point, 12 hours and 23 hours. 
The differences between 0 and 12 hours restriction were 
significant, as were the differences between 0 and 24 hours. 
However, there was also a difference between the 12 hours 
restriction and the 23 hours restriction in the present 
study, found in the group comparable to the Hill's study, 
i.e., the 100% Food group. Both 12 hours and 23 hours re-
striction increased the running level by more than 20% above 
the level obtained during 0 hours restriction. 
It is felt that the failure to obtain larger diff-
erences between the 12 hours and 23 hours restriction may 
be accounted for by a consideration of the hours of the day 
in which the data we~e collected. The animals were run in 
the morning between the hours of 6 and 9:30 A.M. The 12 
hour restriction was begun around 7 to 8 P.M. Thus restric-
tion for 12 hours was accomplished during the normal period 
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of peak activity. Skinner (33,34) has pointed out that 
activity following restriction in a period of maximum activ-
ity is usually followed by activity of greater density than 
that which follows restriction in less active periods. Thus 
it seems that restriction over the period of maximum activity 
is comparable to restriction occurring throughout the day. 
It is known that daylight hours are the normal periods of 
inactivity for the white rat.· 
The time of day in which running was observed also 
accounts for the differences in the gross amounts of running 
between this study and the Hill study. Hill•s animals aver-
aged less than 106 revolutions over a period of 1 1/2 hours, 
whereas the comparable group in the present study, the 10~~ 
ad libitum group, averaged 98 over a period of 1 hour. 
The results contradict those of Siegel, who found 
diminished running following restriction over 12-hour periods 
and also decreased running following restriction during a 
period of peak activity. Since the present results tend to 
agree with the Hill findings: and since the present study 
and that of Hill were performed using the same measures of 
activity, the activity wheel, whereas Siegel employed a 
photronic relay device: this author concludes that the am-
biguity relates to the differences in the apparatus employed. 
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The findings indicate that further testing of var-
ious intermediate points, e.g., 18 hours and 36 hours restric-
tion, is warranted in order to obtain some estimate of the 
slope of activity over time. If restriction over 12 hours 
during a period of darkness results in activity equal to that 
obtained by 23 hours restriction, then one might expect that 
restriction over two dark-light cycles is needed in order to 
produce a substantial increase in the activity drive. 
Hunger 
The findings of the significant differences between 
the groups maintained on different rations is consistent with 
the extensive literature dealing with hung~r drive. The feed-
ing procedures, employing a size of ration control instead of 
a more traditional control in terms of hours of starvation, 
produced results in agreement with tne recent study of Mos-
kowitz (23). The running records and weight records were 
more stable than those which were obtained previously in a 
pilot study by the present author. The data left no doubt 
that hunger was a much greater energizer than restriction. 
The results also indicated that when hunger is carefully 
controlled, the effects of restriction are clearly delineated. 
Hunger was found to combine with restriction in an 
additive manner. It is noticed that the increase of activity 
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produced by restriction was at least 16% for both the non-
hungry and the hungry animals. This strongly supports the 
theory of drive summation which was originally proposed by 
Hull (16) in his consideration of alien drives. The differ-
. 
ences between these findings and those of an early study by 
Amsel seem to be accountable by the different characteris-
tics of aversive drives and appetitive drives, and the fea-
ture of competition of drives. 
The fact that the effects of restriction were not 
lessened by the hunger drive further confirms the existence 
of an autonomous drive for activity which is not to be con-
fused with the activity drive produced by the manipulation 
of various biological incentives. It is felt that the above 
noted results clarify the results of the Hill study in that 
they demonstrate that even if some of the energizing of run-
ning was accountable by an uncontrolled hunger state, the 
restriction of activity would still result in different activ-
ity levels than would occur if no restriction was imposed. 
Individual differences 
The interest in controlling for individual differ-
ences stemmed from Shirley's findings that there were differ-
ences in the effects of rest which were related to the diff-
erences in the running levels of the organisms. Other 
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studies of organismic variables and their generality have 
indicated that animals retain their same relative position 
with respect to same behavioral measure, even though the 
animals themselves are altered in some systematic manner. 
The results of the present study indicate that 
matching on the basis of initial running level revealed a 
dramatic picture of the systematic effects of food depriva-
tion, restriction of movement and the combination of food 
deprivation and restriction of movement. It is evident that 
hunger elevated the running level of the high runners sub-
stantially more than it raised the level of the low runners. 
In iddition, the effect of restriction of movement appears 
greater on the high runners than on the low runners. 
Methodological considerations 
In respect to methodology, it is apparent that the 
various controls used in the present investigation provided 
an advantage over previously conducted studies. First, the 
explicit control of feeding removes hunger as a source of 
confounding and results in a much more stable behavioral 
level. In addition, this control guarded against explicit 
reinforcement of the running responses. These are important 
considerations in a study of this kind, in which two drives 
are investigated. 
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It is extremely difficult to design a study in 
which learning is controlled. However, it appears that 
the procedures employed in this study did not produce re-
sults Which may be attributable to learning or adaptation. 
The responses per trial under each condition fail to show 
any systematic effects which hint of learning. 
In addition, it should be recalled that the present 
author employed two different cage situations, solitary and 
group, for the 0 hour restriction condition. This was done 
in order to test whether 0 hours restriction was confounded 
with social behavior in Hill's study and a previous study 
of this author. The results did not reveal any consistent 
superiority for either condition. In certain instances there 
was more running obtained following the group cage than fol-
lowing the isolated cage. The data, however, are not con-
sistent and do not warrant any conclusion about the relative 
effectiveness of the two styles of housing. It might be sup-
posed that existing in a large space, alone, acts as a mild 
stressor. However, in general, the present results are op-
posite to those reported in the more recent study by Hill (15) 
in which he employed a large isolated cage and commented that 
it was not as good a control as the social cage. 
SUMMARY 
Activity has generally been a response variable 
used to measure the effects of environmental manipulation 
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on primary drive states. It is established, however, that 
animals reveal appreciable amounts of activity at times when 
the intentional manipulation of environmental antecedents is 
absent. One attempt to account for this display of activity 
led to the proposal that restriction of movement or confine-
ment represents another environmental manipulation leading 
to changes in activity level. 
The experimental literature contains a paucity of 
studies, some contradictory, explicitly concerned with ex-
amining the above proposal. Same studies, e.g., those of 
Siegel et al. (1946, 1948), have found that as time of re-
striction of movement is increased, decreases occur in the 
amount of activity. These findings contradict earlier find-
ings of Shirley (1928) which indicated that activity in-
creases as hours of restriction increases. Strong (see 1957) 
and others point out that one source for the contradictory 
findings is that activity is currently measured by at least 
ten different types of apparatus and the behavior measured 
varies accordingly. 
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The most systematic attempt exploring this variable 
was conducted by Hill (1956) who studied the effects of re-
striction in rats and employed the activity wheel as his 
measuring device. He confined rats in tiny cages over per-
iods of 5, 24, and 46 1/2 hours and then allowed them 1 1/2 
hours of running in the wheel. He found that running in-
creased as hours of restriction increased. The study sug-
gested alternative explanations of his findings. The delin-
eation of an autonomous activity drive requires control of 
consummatory behavior, control of feeding situations with 
respect to the reinforcement of running behavior, normal 
cycles of activity, adaptation of the organism to the running 
situation and other conditions. Some assessment of the or-
ganism's initial level of performanceshould be taken into 
consideration. 
The current study was conducted to determine wheth-
er restriction acts as a drive when suitable controls for the 
hunger drive are provided. Thus the present experiment al-
lowed for an assessment of activity as a function of restric-
tion as well as activity as a function of a more traditional 
behavioral energizer, i.e., hunger. The employment of hunger 
drive provided a systematic comparison between the two drives, 
activity and hunger, as well as answering the question of 
whether Hill's findings of increases in running following 
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restriction was produced by restriction alone or confounded 
by mild hunger states, together with restriction. 
Preliminary studies by the present author found 
that restriction did result in increases in running behavior 
in both satiated animals and hungry animals. However, it was 
felt that the traditional starvation techniques of depriving 
animals for a long period of time did not provide for stab-
ilization of weight and that this feature might be a source 
of confounding. Therefore a regulation of intake and a con-
trol of hunger through body weight was regarded as more 
appropriate. 
In summary, the present study examined the following 
sets of relationships: (1) the effects of length of restric-
tion on running activity: (2) the effects of level of food 
deprivation on running activity: (3) the effects of length 
of restriction on running activity as a function of levels 
of food deprivation: (4) the interrelationships of the two 
drive variables when individual differences in running behav-
ior are considered. 
Method and Procedure 
Subjects. 24 male, albino rats of the Sprague-
Dawley strain were employed. These rats were 70 days old 
at the beginning of the habituation period, and 90-92 days 
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at the beginning of the experimental phase. Their initial 
weight averaged 278 grams. At the start of the experimental 
phase their weights averaged 329 grams. The rats were as-
signed to two groups on the basis of running levels exhib-
ited during the eight days of the 25-day habituation period. 
One group was assigned to low food deprivation defined by 10~~ 
ad libitum amounts of food presented daily. The other group 
was assigned to high food deprivation defined as 5~~ of nor-
mal ad libitum amounts presented daily. 
Apparatus. Animals were housed in individual sus-
pended cages during habituation. During the experimental 
period they were housed in large wire mesh cages, 18" by 18" 
by 12" high. The restriction cages were small wire mesh 
cages, each 4 1/2" by 6" by 5 1/2" high. 
Running was measured in standard rodent activity 
wheels manufactured by Wahmann Company of Baltimore, Maryland. 
Operation and Design. Animals were habituated to 
the various conditions over a 25-day period. During this 
time they were given daily running sessions in the wheel. 
Initially these sessions were 1/2 hour in length, but they 
were increased to one hour after the 9th day of training. 
Animals had food available at all times in their home cages. 
The amount of food that was eaten was recorded: the average 
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ad libitum consumption for a 24-hour period was 35 grams. A 
controlled light-dark cycle was maintained. 
The food deprivation procedures were as follows: 
one group of animals was fed the daily ad libitum amount 
equal to 35 grams. These animals were thus maintained under 
10~~ food ration. A second group was fed 18 grams each day: 
they were maintained under a 50% food ration. 
Animals were assigned to the food regimens after 
the 20th day of habituation. They were allowed an additional 
five days to become adapted to the feeding regimens. The 
animals were then randomly assigned to one of the four cage 
conditions each day: (1) large solitary cage: (2) large 
group cage: (3) restricted cage for 12 hours: (4) restricted 
cage for 23 hours. 
The rats were run in the activity wheel for one 
hour daily. Their activity was assessed over 20 days, during 
which time each rat was housed in each cage condition five 
times. Thus, twenty scores were collected on each animal: 
five scores per cage condition. 
Results 
A significant difference in running was obtained 
between the two food groups. The 50% ad libitum group showed 
much more running than the 10~~ food group under all housing 
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conditions. This difference is consistent with the litera-
ture on food drive studies. 
Significant differences were also obtained between 
the various housing conditions. Restriction was followed by 
higher amounts of running than the non-restricted conditions. 
However, differences between 12 hours confinement and 23 
hours confinement were significant for the 10~~ food group 
but not for the 5~~ group. No significant differences were 
obtained between the large solitary cage and the large group 
cage in either the 100% or the 50% ~ood group. 
On the whole, the present results confirm the ear-
lier findings of Hill in that they show that activity does 
increase as time of confinement increases. However, the 
present study also reveals that as hunger is increased, the 
effect of increased confinement is lessened. 
Significant differences were also obtained between 
the matched groups of high and low runners on both food con-
ditions and restriction conditions. In general, the effects 
of the major variables were consistent with those found for 
the combined population. 
Results show that systematic variations in restric-
tion yields consistent increases in activity. Accordingly, 
it is felt that the present study supports the inclusion of 
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restriction or confinement of movement as a distinct set of 
environmental antecedents conforming in its effect to changes 
produced by other drive manipulations. 
The results revealed that matching on the basis of 
initial running level provided a dramatic picture of the sys-
tematic effects of hunger, restriction of movement and com-
bination of hunger and restriction. It is evident that food 
deprivation elevates the running level of the high runners 
more than it raises the level of the low runners. In addi-
tion, the effect of restriction appears greater in the high 
runners than in the low runners. 
Conclusions. 
In summary, the following conclusions are drawn from 
the study: 
1. The finding that the restriction of movement is 
followed by an increase in the amount of running behavior 
further confirms the proposal that an autonomous drive for 
activity exists. 
2. However, the findings that food deprivation produces 
more running than restriction of movement indicates that the 
activity drive produced by restriction of movement proced-
ures is not as potent as the activity drive produced by 
food restriction. 
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3. When the restriction of movement is combined with 
food deprivation, the amount of running which occurs is 
greater than that obtained through food deprivation alone 
or by restriction of movement alone. This finding supports 
the notion, at least with respect to deprivation procedures, 
that drive summation does occur. 
4. Animals who differ in their basic levels of running 
also tend to differ with respect to their relative effects 
of hunger and restriction of movement. These effects of 
hunger and the restriction of movement were substantially 
more pronounced in the high runners than in the low runners. 
Thus, the higher the activity level, the greater the response 
to deprivation. 
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REFERENCES 
1. Amsel, A. & Work, M. The role of learned factors in 
"spontaneous activity." J. comp. physiol. Psycho!., 
54, 527-532. 
2. Berlyne, D. E. Conflict, Arousal and Curiosity. New York: 
3. 
McGraw-Hill, 1960. 
Bindra, D. 
New York: 
Motivation: A Systematic Reinterpretation. 
Ronald, 1959. 
4. Brown, J. s. The Motivation of Behavior. New York: 
McGraw-Hill, 1961. 
5. Campbell, B. A. & Sheffield, F. D. Relation of random 
activity to food deprivation. J. camp. physiol. Psycho!., 
1953, 46, 320-322. 
6. Campbell, B. A., Teghtsoonian, R. & Williams, R.A. Activity, 
weight loss, and survival time of food-deprived rats as a 
function of age. J. comp. physiol. Psycho!., 1961, 54, 
216-219. 
7. Cochran, w. G. & Cox, G. M. Experimental Designs. New 
York: John Wiley & Sons, Inc., 1957. 
8. Danford, M. B., Hughes, H. M. & McNee, R. c. On the anal-
ysis of repeated measurements experiments. Biometrics, 
1960, 16, 547-565. 
9. De Coursey, P. Daily light sensitivity rhythm in a rodent. 
Science, 1960, 131, 33-35. 
10. Edwards, A. L. Experimental Design in Psychological 
Research. New York: Rinehart, 1960. 
11. Finger, F. w. The effect of food deprivation and subse-
quent satiation upon general activity in the rat. J. 
camp. physiol. Psycho!., 1951, 44, 557-564. 
12. Hall, J. F., Smith, K., Schnitzer, s. B. & Hanford, P.V. 
Elevation of the activity level in the rat following 
transition from ad libitum to restricted feeding. J. 
comp. physiol. Psycho!., 1953, 46, 429-433. 
58. 
13. Hall, J. F. Psychology of Motivation. Chicago: 
J. B. Lippincott Co., 1961. 
14. Hill, w. F. Activity as an autonomous drive. J. comp. 
physiol. Psychol., 1956, 49, 15-19. 
15. Hill, w. F. Effects of activity deprivation on choice of 
an activity incentive. J. comp. physiol. Psychol., 
1961, 54, 78-82. 
16. Hull, c. D. Principles of Behavior. New York: 
Appleton-Century-crofts, 1943. 
17. Jones, H. G. Learning and abnormal behavior. In H. J. 
Eysenck (ed.), Handbook of Abnormal Psychology. 
New York: Basic Books, 1961. 
18. Kagan, J. & Berkun, M. The reward value of running 
activity. J. comp. physiol. Psychol., 1954, 47, 108. 
19. Keller, F. s. & Schoenfeld, w. N. Principles of Psychology. 
New York: Appleton-Century-Crofts, 1950. 
20. Lacey, o. L. Revised procedures of calibration of the 
activity wheel. Amer. J. Psychol., 1944, 57, 412-420. 
21. Lindquist, E. F. Design and Analysis of Experiments in 
Psychology and Education. Boston: Houghton Mifflin 
Co., 1953. 
22. McNemar, Q. Psychological Statistics. New York: 
John Wiley & Sons, Inc., 1955. 
23. Moskowitz, M. J. Running wheel activity in the white rat 
as a function of combined food and water deprivation. 
J. comp. physiol. Psychol., 1959, 52, 621-625. 
24. Munn, N. L. Handbook of Psychological Research on the 
Rat. Boston: Houghton Mifflin Co., 1950. 
25. Reed, J. D. Spontaneous activity of animals. Psychol. 
Bull., 1947, 44, 393-412. 
26. Reid, L. s. & Finger, F. w. The effect of activity 
restriction upon adjustment to cyclic food deprivation. 
J. comp. physiol. Psychol., 1957, 50, 491-494. 
59. 
27. Sanders, J. F. The relation between general activity, 
electric shock and habituation in the white rat. 
Doctoral diss~rtation, Boston University, 1953. 
28. Sheffield, F. D. & Campbell, B. A. The role of experience 
in the .. spontaneous" activity of hungry rats. J. comp. 
physiol. Psycho!., 1954, 47, 97-100. 
29. Shirley, M. Studies of activity, activity rhythms, age 
and activity, activity after rest. J. comp. Psycho!., 
1928, 8, 159-186. 
30. Siegel, P. s. Activity as a function of physically 
enforced inaction. J. Psycho!., 1946, 21, 285-291. 
31. Siegel, P. s. and Alexander, 
on the effect of physically 
activity level of the rat. 
72, 57-62. 
I. E. A further observation 
enforced inaction on the 
J. genet. Psycho!., 1948, 
32. Siegel, P. s. & Steinberg, M. Activity level as a 
function of hunger. J. comp. physiol. Psycho!., 1949, 
42, 413-416. 
33. Skinner, B. F. The measurement of spontaneous activity. 
J. gen. Psycho!., 1933, 9, 3-24. 
34. Skinner, B. F. The Behavior of Organisms: An experimental 
analysis. New York: Appleton-Century-Crofts, 1938. 
35. Spence, K. w. Behavior Theory and Conditioning. New Haven: 
Yale University Press, 1956. 
36. Spence, K. w. A theory of emotionally based drive (D) 
and its relation to performance in simple learning 
situations. Amer. Psychologist, 1958, 13, 131-141. 
37. Stellar, E., The Physiology of Motivation. Psycho!. Rev., 
1954, 61, 5-22. 
38. Stevenson, J. A. F. & Rixon, R. H. Environmental 
temperature and deprivation of food and water on spon-
taneous activity of rats. Yale J. Biol. Med., 1957, 
29, 575-584. 
60. 
39. Strong, P. N. Activity in the white rat as a function 
of apparatus and hunger. J. comp. physiol. Psycho!., 
1957, so, 596-600. 
40. Teghtsoonian, R. & Campbell, B. A. Random activity of 
the rat during food deprivation as a function of envir-
onmental conditions. J. camp. physiol. Psycho!., 1960. 
53, 242-244. 
41. Weasner, M. H., Finger, F. w. & Reid, L. s. Activity 
changes under food deprivation as a function of 
recording device. J. camp. physiol. Psycho!., 1960, 
53, 470-474. 
42. Woodworth, R. s. Dynamics of Behavior. New York: 
Holt, 1958. 
43. Young, P. T. Motivation of Behavior: The fundamental 
determinants of human and animal activity. New York: 
John Wiley & Sons, Inc., 1936. (Out of print) 
44. Young, P. T. Motivation and Emotion: A survey of the 
determinants of human and animal activity. New York: 
John Wiley & Sons, Inc.; 1961. 
20,000 
Cl) 
z 15,000 0 
-Cl) 
Cl) 
IJJ 
Cl) 
I() 
a: 
IJJ 
> 0 
Cl) 
10,000 z 
0 
-1-
::::) 
_. 
0 
> 
IJJ 
a: 
_. 
~ 
0 5,000 1-
100°/o 50°/o 
FOOD FOOD 
GROUP GROUP 
0 HRS. 
61. 
Figure 5.--Curnulative Running 
under Each Food 
Condition. 
12 HRS. 23 HRS. 
RESTRICTION CONDITION 
Figure 6. 
cumulative Running of 10~~ Food Group under 
all Activity Restriction Conditions 
100°/o FOOD GROUP 
C/) 
z 
0 
HIGH RUNNE~ . OW RUNNERS 
C/) 
C/) 5,000 
IJJ 
C/) 
10 
a:: 
IJJ 
> 0 
C/) 
z 3,000 
0 
-
.... 
:::> 
..J 
0 
> 
IJJ 
a:: 
..J ~ 1,000 
0 
.... 
0 HRS. 12 HRS. 
RESTRICTION CONDITION 
62. 
23 HRS. 
P19\ll'e 7. 
C\aulative awm1D9 of the 5'* Pood GJ:oup under 
all ACtivity a .. t~iction Cancl1t1ons 
50 °/o FOOD GROUP 
HIGH RUNNERS-~ D-LOW RUNNERS 
15,000-- ~ 
CJ) 
z 
0 
-CJ) 
CJ) 
lLI 
Cl) 10,000 
10 
0:: 
IJJ 
> 0 
CJ) 
z 
0 
-t-
::::> 
..J 
5,000 0 
> 
IJJ 
0:: 
..J 
~ 
0 
t-
0 HRS. 12 HRS. 
RESTRICTION CONDITION 
63. 
23 HRS. 
64 
TABLE VII 
*ANALYSIS OF VARIANCE OF TRIAL SCORES FOR THE HIGH RUNNERS 
ON THE LARGE ISOLATED CAGE CONDITION 
Source 
Food Depr. 
error bet. 
Trials 
T X F.D. 
error w. 
Total 
Sum of 
squares 
3.60 
4.86 
.40 
.31 
3.38 
12.55 
df 
1 
10 
4 
4 
40 
59 
TABLE VIII 
Mean 
Square 
3.60 
.49 
.10 
. 077 
• 084 
F p 
7.35 . 025 
1.19 
*ANALYSIS OF VARIANCE OF TRIAL SCORES FOR THE HIGH RUNNERS 
ON THE LARGE GROUP CAGE CONDITION 
Source 
Food Depr. 
error bet. 
Trials 
T X F.D. 
error w. 
Total 
Sum of 
squares 
3.06 
9. 70 
. 30 
• 46 
2.29 
15.81 
df 
1 
10 
4 
4 
40 
59 
Mean 
Square 
3.06 
.97 
. 075 
.115 
. 057 
F 
3.15 
1. 31 
2.02 
p 
N.S. 
N. S • 
N. S. 
* Tests were perfor.med on scores transfor.med to logarithmic 
scale; transfor.mation of the for.m: log x + 1. 
65 
TABLE IX 
*ANALYSIS OF VARIANCE OF TRIAL SCORES FOR THE HIGH RUNNERS 
ON THE RESTRICTED CAGE FOR 12 HOUR PERIOD CONDITION 
Source 
Food Dep. 
error bet. 
Trials 
T X F. D. 
error w. 
Total 
* 
Sum of 
Squares 
5.37 
4.44 
.10 
• 09 
3.45 
13.45 
df 
1 
10 
4 
4 
40 
TABLE X 
Mean 
Square 
5. 37 
.44 
. 025 
. 022 
. 086 
F p 
12.20 . 01 
ANALYSIS OF VARIANCE OF TRIAL SCORES FOR THE HIGH RUNNERS 
ON THE RESTRICTED CAGE FOR 23 HOUR PERIOD CONDITION 
S~;;OE• Mean 
Source Squares df Square F p 
Food Dep. 3.33 1 3.33 6.79 . 05 
error bet. 4.97 10 .49 
Trials .16 4 • 040 1. 25 N.S. 
T X F.D. . 25 4 . 062 1.94 N.S. 
error w. 1. 28 40 . 032 
Total 9.99 59 
* Tests were performed on scores transformed to logarithmic 
scale: transformation of the form: log X + 1 
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TABLE XI 
ANALYSIS OF VARIANCE OF TRIAL MEANS FOR THE LOW RUNNERS 
ON THE LARGE ISOLATED HOUSING CONDITION 
Source 
Food Dep. 
error bet. 
Trials 
T X F.D. 
error w. 
Total 
Sum of 
Squares 
105,085 
148,002 
23,719 
30,402 
286,407 
593,615 
df 
1 
10 
4 
4 
40 
59 
TABLE XII 
Mean 
Square 
105,085 
14,800 
5,929 
7,600 
7,160 
F p 
7.10 . 025 
ANALYSIS OF VARIANCE OF TRIAL MEANS FOR THE LOW RUNNERS 
ON THE LARGE GROUP HOUSING CONDITION 
Sum of Mean 
Source Squares df Square F p 
Food Dep. 67,805 1 67,805 7. 90 . 025 
error bet. 85,872 10 8,587 
Trials 93,297 4 23,324 4.61 . 01 
T X F. D. 97,639 4 24,409 4.82 . 01 
error w. 202,147 40 5,054 
Total 546,760 59 
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TABLE XIII 
ANALYSIS OF VARIANCE OF TRIAL MEANS FOR THE LOW RUNNERS ON 
THE RESTRICTED CAGE FOR 12 HOUR PERIOD HOUSING CONDITION 
Source 
Food Dep. 
error bet. 
Trials 
T X D.F. 
error w. 
Total 
Sum of 
Squares 
138,048 
137,988 
16,613 
17,597 
222,669 
532,915 
df 
1 
10 
4 
4 
40 
59 
Mean 
Square 
138,048 
13,799 
4,153 
4,399 
5,566 
TABLE XIV 
F p 
10.00 . 025 
ANALYSIS OF VARIANCE OF TRIAL MEANS FOR THE LOW RUNNERS ON 
THE RESTRICTED CAGE FOR 23 HOUR PERIOD HOUSING CONDITION 
Source 
Food Dep. 
error bet. 
Trials 
T X F.D. 
error w. 
Total 
Sum of 
Squares 
188,384 
286,806 
36,858 
35,006 
251,410 
798,264 
df 
1 
10 
4 
4 
40 
59 
Mean 
Square 
188,384 
28,661 
9,214 
8,751 
6,285 
F 
6.57 
1.47 
1. 39 
p 
• OS 
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ACTIVITY RESTRICTION AND FOOD DEPRIVATION 
(Library of Congress No. Mic. 63 ) 
Carson Carl Johnson, Jr., Ph.D. 
Boston University Graduate School, 1963 
Major Professor: L. J. Reyna, Professor of Psychology 
The current study was conducted to determine whether 
restriction acts as a drive when suitable controls for the 
hunger drive are provided. The employment of hunger drive 
provided a systematic comparison between the two drives, 
activity and hunger, as well as answering the question of 
whether Hill's findings of increases in running following 
restriction was produced by restriction alone or confounded 
by mild hunger states, together with restriction. 
In summary, the present study examined the follow-
ing sets of relationships: (1) the effects of length of 
restriction on running activityr {2) the effects of level 
of food deprivation on running activity; (3) the effects of 
length of restriction on running activity as a function of 
levels of food deprivation; (4) the interrelationships of 
the two drive variables When individual differences in run-
ning behavior are considered. 
2. 
METHOD AND PROCEDURE 
Subjects 
24 male, albino rats of the Sprague-Dawley strain 
were employed. These rats were @ 70 days old at the begin-
ning of the habituation period, and @ 90-92 days at the be-
ginning of the experimental phase. Their initial weight 
averaged 278 grams. At the start of the experimental phase 
their weights averaged 329 grams. The rats were assigned to 
two groups on the basis of running levels exhibited during 
8 criterion days of the 25-day habituation period. One 
group was assigned to low food deprivation defined by 100% 
ad libitum amounts of food presented daily. The other group 
was assigned to high food deprivation defined as @ SO% of 
normal ad libitum amounts presented daily. 
Apparatus 
Animals were housed in individual suspended cages 
during habituation. During the experimental period they 
were housed in large wire mesh cages, 18 11 by 18 11 by 12 11 high. 
The restriction cages were small wire mesh cages each 4 1/2 11 
by 6" by 5 1/2 11 high. 
Running was measured in standard rodent activity 
wheels manufactured by Wahmann Co. of Baltimore, Md. 
3. 
Operation and Design 
Animals were habituated to the various conditions 
over a 25-day period. During this time they were given 
daily running sessions in the wheel. Initially these ses-
sions were 1/2 hour in length, but they were increased to 1 
hour after the 9th day of training. A controlled light-
dark cycle was maintained. 
Animals were assigned to the food regimens after the 
20th day of habituation. They were allowed an additional 5 
days to become adapted to the feeding regimens. The animals 
were then randomly assigned to 1 of the 4 restriction con-
ditions each day: (1) 0 hours in large solitary cage: 
(2) 0 hours in large group cage: (3) restricted cage for 12 
hours: (4) restricted cage for 23 hours. 
The rats were run in the activity wheel for 1 hour 
daily. Their activity was assessed over 20 days, during 
which time each rat-was housed in each cage condition 5 times. 
RESULTS 
A significant difference in running was obtained 
between the 2 food groups. The 50% ad libitum group showed 
much more running than the 10~~ food group under all housing 
conditions. 
4. 
Significant differences were also obtained between 
the 0 hours and 12 hours restriction and between 0 hours 
and 23 hours restriction. However, differences between 12 
hours of confinement and 23 hours confinement were signifi-
cant for the 100% food group, but not for the 50% group. 
No significant differences were obtained between the large 
solitary cage and the large group cage in either the 100% 
group or the SO% food group. 
Significant differences were also obtained between 
the matched groups of high and low runners on both food con-
ditions and restriction conditions. In general, the effects 
of the major variables were consistent with those found for 
the combined population. 
Conclusions 
In summary, the following conclusions are drawn 
from the study: 
1. The finding that the restriction of movement is 
followed by an increase in the amount of running behavior 
further confirms the proposal that this operation can be 
included among the class of antecedents which yield system-
atic changes in activity. 
5. 
2. However, the findings that food deprivation produces 
considerably more running than restriction of movement indi-
cates that the change in activity level produced by the 
latter procedures is not as intense as that produced by food 
restriction. 
3. When the restriction of movement is combined with 
food deprivation, the amount of running which occurs is 
greater than that obtained through food deprivation alone 
or by restriction of movement alone. This finding supports 
the notion, at least with respect to these deprivation pro-
cedures, that their effects on response strength can summate. 
4. Animals who differ in their basic levels of running 
also differ in their response to food deprivation procedures. 
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